ABSTRACT: Dramatic changes in the physical and biological conditions off Washington and Oregon, USA, have occurred since 1998, including extreme El Niño (warm) and La Niña (cool) years, high and low Columbia River flow years, a major intrusion of subarctic water, and a low oxygen event on the shelf. The occurrence of contrasting environmental conditions provided an excellent opportunity to examine pelagic nekton distributions and their abiotic and biotic associations. Pelagic surface trawl surveys conducted during June and September from 1998 to 2002 off northern Washington to central Oregon revealed a nekton community dominated by Pacific herring (33.5% of total catch), Pacific sardines (29.9%), and northern anchovy (12.3%). Between 1998 and 2002, species composition shifted from a community dominated by southern species (mackerels and hake) to one dominated by northern species (squid, smelts, and salmon), but the transition was gradual, and small pelagic species (sardines, herring, and anchovy) showed no consistent trends in abundance over time. Species diversity/evenness was highest in September 2002. Cluster analysis identified 7 species and 6 station clusters. Subyearling Chinook salmon, market squid, Pacific sardine, yearling coho salmon, and Pacific saury were the strongest indicator species for 5 of these cluster groups. Cluster group distributions differed between both inshore/offshore and north/south. A 3-dimensional ordination explained 55% of the total variance with bottom depth, distance from shore, and sea-surface temperature correlated with the first axis, latitude with the second axis, and surface salinity, surface density and stability with the third axis. Our results suggest that the habitats occupied by pelagic nekton species expand and contract in relation to the dynamic nature of the California Current and are affected by changing ocean conditions at both seasonal and interannual periodicities. 
INTRODUCTION
The California Current ecosystem is recognized to be highly variable on seasonal, interannual, and decadal time scales (Brodeur et al. 1996 , McGowan et al. 1998 , Chavez et al. 2003 . In addition to large-scale decadal processes that affect the entire North Pacific (e.g. Pacific Decadal Oscillation; Mantua et al. 1997 , the northern region of the California Current off Oregon and Washington, USA, lies at the intersection of Subarctic and Transition Zone water masses. It is thus affected by oceanographic processes occurring both north and south of the region, and is further mediated by oceanic and continental influences (Hickey 1998 , Hickey & Banas 2003 . Anomalous events, such as El Niños or La Niñas, affect the compo-sition and production of all trophic levels in this region (Pearcy et al. 1985 , Pearcy & Schoener 1987 , Chavez et al. 2002 , Pearcy 2002 , Peterson & Schwing 2003 as well as the structure of the pelagic food web (Brodeur & Pearcy 1992) .
In particular, the last half-decade (1998 to 2002) has witnessed extreme variability in oceanographic conditions off Oregon on a magnitude that has not been recorded previously (Peterson & Schwing 2003) . For example, one of the strongest El Niño events ever recorded occurred in late 1997 and 1998 and was followed by an extremely strong La Niña in 1999 (Chavez et al. 2002 , Schwing et al. 2002 . It has now been suggested that a major regime shift also occurred in 1999 associated with the La Niña that returned the eastern North Pacific to a cool state not observed since the mid-1970s (Peterson & Schwing 2003) . Other recent anomalies in this region included a major drought in 2001, which decreased freshwater input into the coastal zone to record low levels, and an intrusion of nutrient-rich subarctic water and subsequent high phytoplankton production which led to anoxic conditions off Oregon by late summer 2002 (Freeland et al. 2003 , Wheeler et al. 2003 , Grantham et al. 2004 .
Pelagic nekton may be useful indicators and integrators of changing oceanographic conditions because they are able to migrate quickly into preferred habitats, and, in the case of smaller pelagic species, respond by pronounced fluctuations in recruitment over relatively short time intervals. Annual variations in the ocean environment may be reflected in changes in both the distributions of adult pelagic fishes and the timing and location of spawning. Previous studies (Brodeur & Pearcy 1986 , 1992 , Emmett & Brodeur 2000 , Brodeur et al. 2003a ) have shown substantial seasonal and interannual changes in abundance and distribution of many pelagic nekton species. However, changes in the community structure of nekton have been documented only for individual years (Brodeur et al. 2003b but not within years or between years of contrasting oceanographic conditions.
In this study, we use a combination of descriptive and multivariate techniques (Field et al. 1982 , Clarke & Warwick 2001 including diversity indices, cluster analysis, indicator species analysis, and nonmetric multidimensional scaling (NMS), an ordination technique, to study near-surface nekton communities off northern Oregon and Washington. In particular, we are interested in the associations of juvenile salmon with other nekton. These species may be predators on salmon, competitors with salmon, or alternate prey for predators that might otherwise eat salmon. This time period exhibited large fluctuations in salmon survival reflected in both low and record high salmon survival along the West Coast that appeared to be linked to oceanographic changes (Logerwell et al. 2003 , Scheuerell & Williams 2005 . We are also interested in how nektonic communities respond to abrupt changes in their physical and biological environment with a view toward understanding how future environmental changes will affect the pelagic ecosystem in the northern California Current.
MATERIALS AND METHODS
Sampling. Pelagic nekton were collected during NOAA Fisheries pelagic trawl surveys for juvenile salmonids off Washington and Oregon during June and September from 1998 through 2002. We sampled along 5 to 10 east -west transect lines located between La Push, Washington, and Cape Perpetua, Oregon (Fig. 1) . Sampling consisted of 30 min surface tows . The 108 m long rope trawl contained variable mesh sizes (162.6 cm at mouth to 8.9 cm at cod end) and had a mouth opening of 30 m wide by 20 m deep, with the head rope at about 1 m. To retain catches of small nekton, a 6.1 m long, 0.8 cm knotless liner was sewn into the cod end. Chartered commercial fishing vessels and a fisheries research vessel (RV 'W. E. Ricker') were used to conduct the sampling. Trawls were conducted at 6 to 8 stations on each transect from the shallowest bottom depth possible (~30 m depth) out to approximately 50 km from shore, often extending beyond the continental shelf.
From the available collections, we excluded samples from some stations over concerns of potential bias. First, only 'regular' station hauls at predetermined locations were included, and several opportunistic or special studies hauls were excluded. Due to potential diel differences in vertical distribution and catchability of many nekton (e.g. Emmett et al. 2004 , Krutzikowsky & Emmett 2005 , we restricted our analyses to daytime hauls. Any haul occurring completely (or almost completely) between the beginning of morning civil twilight and the end of evening civil twilight was considered a 'day' haul. Hauls outside of this time window were eliminated, leaving 430 samples for analyses.
The total number of each nekton species caught in each haul was either determined directly or estimated from the total weight of the species in a catch and the weight and number of individuals in a subsample of that catch. In addition, length data were collected for all salmonids and for subsamples of all other species caught. Most nekton were identified to species, but small juvenile specimens were sometimes classified at higher taxonomic levels (genus or family). Although some larval forms were collected, we analyzed only those taxa that were likely to be true nekton (late juvenile and adult stages) and quantitatively retained by the mesh size we used. Temperature, salinity, and density to within 5 m of the bottom or a depth of 100 m were measured with a CTD at each station. Water transparency was measured using a Secchi disc. Chlorophyll a and nutrient samples were collected from 3 m depth using a Niskin bottle. In the laboratory, chlorophyll was calculated from fluorescence measurements. Phosphate (PO 4 ), silicate (Si(OH) 4 ), nitrate (NO 3 ), nitrite (NO 2 ), and ammonium (NH 4 ) concentrations were determined in the nutrient samples by the University of Washington (Seattle) Marine Chemistry Lab using standard methods adapted for an autoanalyzer.
Species diversity and dominance indices. For these analyses, we used the full data set of species (n = 72) to calculate species composition and diversity. We used 3 indices to assess differences between cruises. As a diversity measurement we used both the ShannonWeiner index (H') and Simpson index (1-λ), which measures both species number (richness) and equitability (evenness). Both indices increase with increasing diversity. We used Pielou's index (E) to measure evenness; this index ranges from 0 to 1.0 with the maximum value occurring when all taxa are equally abundant (Magurran 1988) .
Multivariate analysis. The categories in each sampling unit were different species of fishes and squids and different age groups of salmonid fishes. We distinguished the juvenile age classes (subyearling and yearling) of salmon from the adults, because migratory patterns and habitat preferences can be quite distinct for the different life history stages. We grouped salmon into different age-classes based on fork length and predetermined fork-length ranges for the different age-classes during different months. This method was very accurate for coho salmon, but was less accurate, although still useful, for Chinook salmon since subyearling and yearling individuals overlap slightly in their size distributions (J. Fisher unpubl. data). In order to reduce the distorting effects on the analyses of very large catches of any species, abundances in sample units (no. km -1 towed + 1) were log 10 -transformed. Species that occurred in less than 2.5% of sample units were also excluded, as were hauls with no common species, leaving a matrix of 387 hauls by 27 species for the 10 cruises. The software PC-ORD (McCune & Mefford 1999) was used for all multivariate methods.
In order to define months and years for which species composition was similar, an initial cluster analysis of species abundance was done across the 10 cruises pooled together. In this initial cluster analysis, species abundance was expressed as the average across all hauls of a cruise of log 10 (no. ind. km -1 towed + 1), resulting in a matrix of 10 sample units (cruises) by 27 species. All subsequent multivariate analyses used individual hauls as the sampling units and the full matrix (387 hauls by 27 species), which included data from all 10 cruises.
Cluster analyses of both sampling units (hauls) and of species (on the transposed matrix) used a hierarchical agglomerative clustering strategy, Sørensen (BrayCurtis) distances, and the Flexible-Beta (β = -0.25) linkage method. Cluster dendrograms were cut where the resulting cluster groups were ecologically interpretable, at the level where 13% of information remained for the sample clusters and at 30% of information remaining for the species clusters.
Species that were representative of the different sample clusters were identified using Indicator Species Analysis (Dufrene & Legendre 1997) . Indicator values (IV) were calculated for each species (j) and cluster group (k):
where RA kj = the average abundance of species j in group k relative to its average abundance in the other groups, and RF kj = the relative frequency of occurrence of species j in group k. For each species, the cluster group for which its IV was strongest (IV max ) was identified. The statistical significance of each IV max was tested by Monte Carlo randomization, in which sample units were randomly reassigned to cluster groups 1000 times and IV max was recalculated for each species and each randomization. The probability that a species had no statistical value as an indicator for a cluster group was equal to the proportion of its IV max from the randomizations that was larger than the IV max resulting from the cluster analysis.
The matrix was transposed and a clustering of species was performed to examine which species had similar distributions among the hauls. When clustering species, it is recommended that the species abundance data be relativized (McCune & Grace 2002) . For this cluster analysis we expressed the abundance of each species in each haul as a proportion of the total catch of that species in all hauls during all cruises of the study (relativizing by species totals). Species that are similar to each other in their distributions among the sampling units should tend to cluster together. Species clusters were then compared with the indicator species for the different sample clusters to see if they were similar.
We used NMS, an ordination technique (Clarke & Warwick 2001) , to examine structure of sample units (fish hauls) in species space (Kruskal 1964) . Distances between samples in species space were measured using the Sørensen (Bray-Curtis) distance measure (McCune & Grace 2002) . A single ordination was performed on the hauls by species matrix (387 hauls × 27 species) that included data from all June and September cruises. Based on the decrease in stress (lack of fit) with the addition of each ordination axis, a 3-dimensional solution was most effective for explaining variation in the original multi-dimensional species space.
In order to describe the environmental gradients associated with the NMS ordination axes, the temperature (°C), salinity (psu), and density (σ T ) at 1 m depth, stability [(density (20 m) -density (1 m) )/19 m], station bottom depth (m), distance from shore (nautical miles, n miles), latitude (decimal degrees), chlorophyll (µg l -1 ), nutrient concentrations (µM), and transparency (Secchi depth in m) during the different hauls were correlated with the ordination scores along each axis. Ordination axes were rotated to maximize the correlation of distance from shore with one of the axes. Due to the large sample size, many relatively small correlation coefficients were found to be statistically significant at the p = 0.05 level (see McCune & Grace 2002) . Thus, we used a more conservative p-value of 0.01, which corresponds to an r-value of 0.20 being significant.
RESULTS

Environmental conditions
Spring (April and May) upwelling was near or slightly below the long-term June sea-surface temperatures were relatively warm in 1999 and 2002, with areas of cooler temperature generally near the coast during all years (Fig. 3A) . In September, temperatures were generally warmer offshore and cooler on the coast, although 2000 showed a distinct latitudinal gradient, with cooler water found only off Central Oregon (Fig. 3B) . The Columbia River plume, distinguished by the presence of low-salinity surface water, was moderately well developed in June 1999, 2000, and 2002 but almost completely absent in June 2001 (Fig. 3A) . In September, the Columbia River plume was apparent during 1998, 2000, and 2001 but was absent or very weak in 1999 and 2002 (Fig. 3B ).
Catch composition
The pelagic nekton community off Oregon and Washington was numerically dominated by relatively few species. The top 12 species comprised 80.5% of the total nekton abundance. Several pelagic schooling species such as Pacific herring (33.5% of total), Pacific sardines (29.9%), and northern anchovy (12.3%) were the most dominant overall (Fig. 4A ). Other species, such as market squid, coho and Chinook salmon, whitebait smelt, and Pacific saury, were of secondary importance during some cruises (Fig. 4B) . Total abundances varied seasonally and interannually with high- (Fig. 4) . The September 1999 cruise had the highest abundance of the dominant species, mainly due to high catches of Pacific sardine and Pacific herring, whereas the September 2002 survey had the lowest overall abundance and was dominated by Chinook salmon, herring, and Pacific saury. The June 2000 cruise showed a particular dominance of northern anchovy. Although the average catch per unit effort of Pacific herring, Pacific sardine, and northern anchovy was often high (Fig. 4A ), the frequency of occurrence of these species in the hauls was relatively low (Table 1) , reflecting the schooling behavior of these species and their patchy distributions. The high average abundance of these species was often the result of very large catches in a few hauls.
Coho and Chinook salmon were caught during all cruises in relatively low numbers (Fig. 4B ), but often occurred in a relatively high percentage of hauls (Table 1) . Pacific hake was only abundant in June 1998, and chub mackerel in June 1998 and September 1999 (Fig. 4B ). Pacific saury was more abundant in September than in June and first occurred in September 2000 (Fig. 4B) .
Some species near the northern end of their distribution in our sampling area (Pacific sardine, chub mackerel, Pacific hake, and whitebait smelt) occurred more frequently in hauls in June 1998 during a strong El Niño than during any subsequent cruise (Table 1) . Although chub mackerel, Pacific hake, and whitebait smelt were numerically most abundant in June 1998, Pacific sardine was actually more abundant in 2 later cruises and showed no consistent pattern during these 5 years (Fig. 4A) . Furthermore, frequency of occurrence of species that reproduce in the region or tend to have more northern affinities (market squid, surf smelt, Pacific herring, northern anchovy, and salmon) was not unusually low in June 1998 and showed no consistent trends among years (Table 1) . Diversity and evenness were high in June 1998 but low in September of that year. September measures tended to increase in succeeding years except for 1999 (Table 2) .
Multivariate analysis
The cluster dendrogram of cruises (a 10 cruise by 27 species matrix) revealed strong seasonal effects. All June cruises (except 1998) clustered together, with June 2001 and 2002 showing very similar species composition (Fig. 5A) . The June 1998 nekton community was most similar to the September communities, especially September 1998, possibly due to the effects of the strong El Niño that year. A similar analysis using the original matrix, which included all rare species, yielded similar results (not shown). In that analysis, September 2002 formed its own group owing to the occurrence of several rare taxa captured only during that cruise.
Cutting the species cluster dendrogram for the transposed full matrix (27 species by 387 hauls) with about 30% information remaining resulted in 7 species cluster groups (A to G, Fig. 5B ). The cluster analysis of species showed a high degree of association for some salmon species with each other and with other taxa (Fig. 5B) . In particular, subyearling Chinook salmon were associated with surf smelt, American shad, starry flounder and Pacific herring (cluster G). Yearling Chinook and coho salmon and adult Chinook and coho salmon also clustered together (cluster D) as did juvenile chum and sockeye salmon (cluster F). Other notable associations included northern anchovy, Pacific hake, whitebait smelt, and Pacific sanddab (cluster A), Pacific sardine and chub mackerel (cluster C), and jack mackerel, blue shark, ocean sunfish, Pacific saury, and juvenile sablefish (cluster B) (Fig. 5B) .
Cutting the sample cluster dendrogram for the full data set (387 hauls by 27 species) with 13% information remaining resulted in 6 sample groups. Indicator values of the different species for the different cluster groups (p < 0.05 in bold) are shown in Table 3 . Of the 27 taxa, 22 were significant indicators of at least 1 group, and all but cluster group 2 had at least 1 significant indicator species. Some species, notably yearling and adult Chinook salmon and adult coho salmon showed similar affinities to all the cluster groups (except 6) and were not determined to be an indicator species of any 1 cluster (Table 3) . These indicator species groups were similar to the cluster species groups for the different sample clusters (Table 3 , Fig. 5B ). Species clusters A and G comprised mainly species that were significant indicators for sample cluster 1, and species clusters B, C, and E comprised mainly species that were significant indicators for sample clusters 6, 4, and 3, respectively. Species clusters D and F comprised mainly salmon, some of which were significant indicators for sample cluster 5 (Fig. 5B) .
Maps showing the geographic distributions of the sample cluster groups in each cruise are shown in Table 4 . Cluster group 1 occurred mainly inshore at low surface temperatures (Table 4) . It was absent in June 2000 and occurred more frequently in September (44 occurrences) than June (14 occurrences). The strongest indicator species for cluster group 1 were subyearling Chinook salmon and Pacific herring, although both smelt species, American shad, Pacific hake, spiny dogfish, and starry flounder were also significant indicators of this group (Table 3) . Cluster group 2 was a large, heterogeneous grouping with no significant indicator species and showed relatively little cohesion in its distribution pattern, since it occurred in all cruises and areas. Cluster group 3 was generally found inshore to mid-shelf, occurred much more during June than September, with the exception of 2001, and was represented most strongly by market squid (Table 3) . It was associated with the lowest mean salinity (Table 4) . Although it included species such as juvenile and adult coho salmon which may be associated with the plume at relatively high, but insignificant IVs, the species that were significant indicators are not generally known to be associated with the plume. Cluster group 4 was usually found from the middle to outer shelf, most frequently off Washington, and its indicator species were Pacific sardine and chub mackerel, species that migrate northward seasonally from off California. Cluster group 5 was found across much of the shelf, occurred most frequently off Washington, and had the northernmost mean latitude (Fig. 6 Table 4 ). Its strongest indicator species was yearling coho salmon, but juvenile chum, pink, and sockeye salmon were also significant indicators (Table 3) . Cluster group 6 (Pacific saury, ocean sunfish, northern anchovy, and jack mackerel) was usually found farther offshore than other cluster groups, at the highest seasurface temperatures and salinities, and was generally found along all transects.
Ordination analysis
Joint-plots overlaid with the cluster groups are shown for 2 of the 3 axes from the NMS ordination of samples (Fig. 7A) , and similarly for the species centroids (Fig. 7B) . Environmental variables that explain at least 10% of the variance in the sample ordination scores (r 2 ≥ 0.10) are shown as vectors. Although the stress (lack of fit) was high (22.51), stability was good (0.0001) and the results appeared to be quite interpretable ecologically. Variation in distances between samples in the 3-dimensional ordination space explained about 55% of the variation in distances between samples in the original 27-dimensional species space. The proportion of the original variation explained by each of the ordination axes (r 2 ) was (1) 0.184, (2) 0.188, (3) 0.179 (total = 0.552).
Sample cluster groups occupied fairly distinct regions of the ordination, except for sample cluster group 2, which was broadly distributed over much of the space defined by the first 2 ordination axes (Fig. 7A) . Not surprisingly, the centroids for the different species in the 2-dimensional ordinations space are found near the positions of the sample cluster groups for which they are indicators (compare Fig. 7 and Table 3 ). Positions of cluster groups and species centroids indicated an inshore distribution for cluster 1 and its indicator species, a northerly and broad cross-shelf distribution for group 5 and its indicator species, and an offshore distribution for group 6 and its indicator species (Fig. 7 and Table 3) .
Species with the highest IVs (Pacific herring, Pacific sardines, market squid, and yearling coho salmon) showed strong separation in multivariate space (Fig. 8) . Month and years did not separate well by NMS (not shown), suggesting some substantial overlap in species composition on a temporal basis, although sample cluster group 1, for which subyearling Chinook salmon was an important component, usually occurred more frequently in September than June (Table 4) . Subyearling Chinook salmon leave their natal rivers and enter the ocean throughout the summer and usually are more abundant off Oregon and Washington in September than in June.
Moderately strong correlations with environmental variables occurred for all 3 axes, although those with Axis 1 were the strongest (Table 5) . Axis 1 was negatively correlated with distance from shore, bottom depth, temperature and transparency and was positively correlated with chlorophyll and several macronutrients. This suggests that the first axis of the ordination reflected mainly differences in inshore/offshore distributions of the different species (Table 4) . Axis 2 was positively correlated only with latitude, which would indicate a north/south effect. Axis 3 showed weaker negative associations with density, salinity, Table 1 for scientific names phosphate, and positive relations with stability. Correlations with salinity, density, and stability on the third axis suggest some association with highly stratified fresh water such as the Columbia River plume. The strongest species correlations with Axis 1 (inshore/offshore) were subyearling Chinook salmon (0.51), yearling Chinook salmon (0.37), and blue shark (-0.34); with Axis 2 (north/south) were yearling coho salmon (0.48) and northern anchovy (-0.31); and with Axis 3 (plume waters) were market squid (0.42) and yearling coho salmon (0.33).
DISCUSSION
With the growing interest in managing entire marine ecosystems rather than individual fish stocks and in determining essential fish habitat (e.g. Botsford et al. 1997 , Rosenberg et al. 2000 , Browman & Stergiou 2004 , Pikitch et al. 2004 , there has been a substantial increase in studies examining aggregate community metrics. Many of these studies are aimed at evaluating fisheries impacts (Bianchi et al. 2000 , Rice 2000 , Nicholson & Jennings 2004 or assessing the efficacy of marine protected areas (Piet & Rijnsdorp 1998 , Mouillot et al. 2002 . For our study, we used similar metrics to examine the effects of strong interannual physical forcing on pelagic nekton communities. The pelagic zone in this ecosystem is not heavily fished, and thus changes in community structure can be attributable primarily to environmental changes.
Abundance and distribution in relation to environment
Our 5 yr study period was remarkable in terms of its environmental variability. The first year of our sampling occurred during a strong El Niño, comparable in magnitude to the 1982/1983 event that, up to that time, had been the strongest ever recorded (Chavez et al. 2002) . Oceanographic signatures of unusual conditions off Oregon were first noted in August 1997 as a rise in sea level (Strub & James 2002 ). This was followed by an increase in water temperatures and anomalously strong poleward flows by September 1997 (Kosro 2002) . The unusually warm subsurface water persisted until the summer of 1998 . The biological signals associated with the unusual northward transport and warm water anomalies were also evident but somewhat delayed. Keister et al. (2005) found unusual zooplankton species of southern or offshore origins, including euphausiids, copepods, and chaetognaths, that began to show up off Oregon in December 1997 and persisted in the plankton until fall 1998. also found warm-water copepod species persisting through fall of 1998. Similarly, Pearcy (2002) identified unusual occurrences or anomalous abundance levels of nekton species in Oregon waters, starting mainly in fall of 1997, and continuing until fall of 1998. Thus, the June 1998, and to a lesser extent, the September 1998 cruises were most likely impacted by this event. Although June 1998 was not unusual in terms of upwelling or measured sea-surface temperatures, it had the highest frequency of occurrence of Pacific hake, chub mackerel, whitebait smelt, Pacific sardine, and Pacific sanddab of all our cruises (Table 1) .
In contrast, a major La Niña began in 1999 that may have coincided with a regime change manifested throughout the North Pacific Ocean, bringing with it anomalously cold water (Peterson & Schwing 2003) . (57) 2 (96) 3 (46) 4 (37) 5 (107) Upwelling off California during the spring and summer of 1999 exceeded all previous years on record (Schwing et al. 2000) , but upwelling off Oregon and Washington was not much different in 1999 than in the other years of our study except during September (Fig. 2) . Although average nutrient concentration off Oregon was higher during summer 1999 than during summer 1998, average chlorophyll concentration and copepod biomass was not much higher in 1999 than in 1998. However, there was a dramatic change in copepod species composition off Oregon and elsewhere in the Northeast Pacific between these 2 yr . In terms of nekton, 1999 was the start of a dramatic increase in the abundance of forage fishes, particularly Pacific herring and Pacific sardines, and a decrease in large migratory predatory fishes, which may be linked to changes in ocean conditions (Emmett & Brodeur 2000 , Brodeur et al. 2003a . During June 2000 the pattern of sea-surface temperature off Oregon and Washington was fairly similar to (Fig. 4) and resulted in the lowest diversity and evenness values of our entire study. By September 2000, northern anchovy was rarely caught in our trawls and was replaced by Pacific herring and Pacific sardines. Drought conditions prevailed in the spring/summer of 2001, causing the Columbia River plume to be effectively absent during the June cruise, although it was present in September (Fig. 3) . Upwelling occurred primarily in July 2001, but did not lead to very high chlorophyll concentrations off Newport, Oregon (Wheeler et al. 2003) . Squid abundance increased markedly that year, and was especially high during the September cruise when it dominated our catches (Fig. 3) Table 3 Fig Table 1 for scientific names was not strongly correlated with any of the NMS axes, and that none of the cluster groups appeared to be associated with the plume, the low runoff did not appear to affect nekton distributions to any major degree.
During summer 2002, a major shift in North Pacific currents led to an intrusion of cold, nutrient-laden subarctic water to the coast off Oregon. This intrusion triggered an anomalously large and intense phytoplankton bloom and subsequent near-bottom hypoxia that had important ramifications for the ecosystem (Thomas et al. 2003 , Wheeler et al. 2003 , Grantham et al. 2004 . Although the initial phase of this cold-water anomaly may have been present during our June cruise, the primary impact occurred during late summer and almost certainly affected the plankton and nekton in late summer and early fall. Although species diversity was very high during the September cruise, overall nekton abundance was the lowest of our sampling (Fig. 4) . Many rare species occurred only during this cruise (e.g. rock sole Lepidopsetta bilineata, butterfish Peprilus similis, and king-of-the-salmon Trachipterus altivelis). However, many of the common schooling pelagic forage fishes such as Pacific herring, Pacific sardine, smelts, and northern anchovy were absent or in low abundance.
Nekton habitat and community structure
Our community analyses suggested that there are groups of species that occur in similar water types, and these types are present in summer and fall during most years, although notable exceptions occurred. Seasonal shifts occur as migratory species enter the area from the south (Pacific hake, Pacific sardines, jack and chub mackerels), from offshore (Pacific saury and sharks), or from freshwater habitats (juvenile coho and Chinook salmon) that may dramatically alter the pelagic nekton species mix over the course of a summer. In a similar fashion, interannual differences in the strength of the California Current may affect the occurrence patterns of fish that inhabit more northern or southern latitudes (Brodeur et al. 2003a ). Temperature appears to be an important variable regulating habitat suitability for species such as Pacific sardines (Emmett et al. in press) as much of the newly upwelled water in this region is below their thermal preferendum. Conversely, juvenile salmon are often restricted to the nearshore habitats where the temperatures are appreciably cooler .
The strongest gradients in sea-surface temperature usually occur across the shelf in this region (Fig. 3) . The width of the upwelling band of cold temperatures and generally high productivity varies from year to year and seasonally. Comparing our results with other studies of the community structure of plankton and nekton, we conclude that in this upwelling region, inshore/offshore gradients tend to dominate over north/south gradients. Based on 3 yr of zooplankton sampling off Oregon, Morgan et al. (2003) found significant differences between inshore and offshore copepod communities during each year. Similar patterns were observed for neuston and total water column zooplankton communities off southern Oregon and northern California , Reese et al. 2005 . In addition, ichthyoplankton communities show strong inshore/offshore structure that may reflect the habitats of the spawning adults (Doyle et al. 2002 and references therein) .
The situation for pelagic nekton is not as clear. In an analysis of purse seine collections off Oregon and Washington in 1985, Brodeur et al. (2003b) , observed different results using 2 different classification techniques, a cluster analysis, similar to that used in this paper, and Two-way Indicator Species Analysis or TWINSPAN. Sample groups based on the TWINSPAN analysis indicated pronounced inshore/offshore patterns, whereas those based on cluster analysis produced more north/south groupings. Latitude (r = -0.65) and longitude (r = 0.36) were most highly correlated with Detrended Correspondence Analysis (DCA) ordination axes 1 and 2, respectively (Brodeur et al. 2003b) . In sampling similar to the present study but in southern Oregon and northern California, found both inshore/offshore and north/south groupings, the latter affected by strong differences in topography and a coastal cape that affected shelf circulation. Depth/temperature and salinity in this more southern region were strongly correlated with ordination axes.
Although there is some indication that the Columbia River plume may affect the distributions of some species of nekton, the results are equivocal overall. Although surface temperature and chlorophyll are generally higher in the plume than in adjacent upwelled waters, they are not a strong indicator of plume waters. In addition to salinity, the best signatures of plume waters are macronutrients such as silicate and nitrate (Hill & Wheeler 2002, Morgan et al. in press ), but since the nutrients are affected by biological activity and can be taken up by the biota with increased ocean residence time, they are not useful measures of the plume as it spreads along the coast.
Our approach in this paper was to analyze all samples from all cruises together in a single multivariate analysis. Hence, a particular cluster group would be consistent in its membership among the different cruises, and the occurrence and distribution of different cluster & Grace, 2002) . For NMS on the entire data set (387 samples by 27 species), Beals smoothing greatly decreased the stress (10.73) and increased the variance explained (93.6%). However, almost all of the variance (> 86%) was explained by the first axis, which was highly correlated with distance offshore and temperature. Since Beals smoothing tends to highlight 'habitat favorability' for the different species, it can distort or mask temporal changes in community structure caused, for example, by fish migration (e.g. the entry of juvenile salmon into the ocean or their migrations in the ocean). Thus, we concluded that NMS of the pooled data without Beals smoothing was the most reasonable and ecologically interpretable method despite the inherently high variability.
Implications for continued studies and management
The pelagic environment off Oregon is extremely dynamic, and faster-swimming nekton are probably able to compensate for prevailing currents and remain in their preferred habitats. The exception may be young juvenile salmon, which are relatively weak swimmers and may have to traverse unfavorable nearshore habitats once they leave their natal streams to get to regions of optimal marine conditions . The relationships between the distributions of our species groups and environmental variables suggest nekton have habitat preferences. However, nekton species may actually have been responding to other biotic variables (type and quantity of prey available) that were not included in our analyses, but that may be correlated to some degree with the variables we used. Future examination of the relationship between these nekton and their food resources is clearly warranted. Moreover, we used surface measurements in many cases, although the nekton caught could have been anywhere in the top 20 m of the water column. While we assumed that our surface trawls are representative of the nekton community, we understand that some species occupy deeper layers during the day and only come up to the upper 15 m at night . Also, large, fast-swimming nekton such as albacore tuna Thunnus alalunga are abundant in our sampling region during the warmer time periods but are able to avoid capture in our trawls.
An important corollary to these findings is that the preferred habitat of pelagic nekton species off Oregon and Washington appears to expand and contract in relation to the dynamic nature of the California Current and is driven by changing ocean conditions at both seasonal and interannual periodicities. For example, the proportional occurrence of sample cluster group 1, dominated by subyearling Chinook salmon and Pacific herring, varied from a low of 11 and 12.2% in September 2000 and 2001, respectively, to a high of 36% in September 1999. Contrastingly, the proportional occurrence for sample cluster group 3, dominated by market squid, varied from a high of 27% in September 2001 to a low of 0% in the same month during 1998, 1999, and 2000. For each pelagic cluster group identified, significant variation in occurrence occurred between seasons and years, implying that their preferred habitat expands and contracts under differing environmental conditions.
The distribution of different pelagic fish groupings in 3-dimensional quantitative space is explained largely by north/south and onshore/offshore gradients. Although these metrics are not in themselves dynamic, they likely embody habitat features for each pelagic group that responded to the changing environmental conditions encountered in the California Current during 1998 to 2002. Pelagic nekton species that respond to onshore/offshore or latitudinal gradients are likely responding to habitat characteristics that expand or contract on seasonal and interannual time frames. Although sea-surface temperature, density, and salinity are physical variables that are included as meaningful determinants of habitat for pelagic species in the California Current, it is likely that other unmeasured physical and biological metrics are represented in the cross-and along-shelf gradients. The suite of physical and biological metrics that define habitat features for pelagic species could be better described by devising a combined metric of 'ocean conditions' that captures the availability of suitable habitat for pelagic species.
Our study has provided a more complete understanding of the habitats occupied by coastal pelagic fishes and may assist with management of these species. We have shown that many pelagic nekton overlap substantially in space and time, and this information will be useful in elucidating ecological (competition and predation) and fishery (potential by-catch) interactions in this ecosystem and implementation of ecosystem-based management practices.
